. This is a logical progression as these methodologies are all "close cousins" in the general family of stated-preference methods. In fact, they are so closely related that it would be surprising if any one approach proved to be a panacea for all of the problems that have been asserted to apply to stated-preference methods. However, cross fertilization of these literatures is likely to have a positive influence in the further refinement of stated-preference methods applied to the elicitation of nonmarket values.
Critiques of contingent valuation in the early 1990s (Hausman NOAA Panel) Roe, Boyle, and Teisl; Stevens, Barrett, and Wills) . This is a logical progression as these methodologies are all "close cousins" in the general family of stated-preference methods. In fact, they are so closely related that it would be surprising if any one approach proved to be a panacea for all of the problems that have been asserted to apply to stated-preference methods. However, cross fertilization of these literatures is likely to have a positive influence in the further refinement of stated-preference methods applied to the elicitation of nonmarket values.
A review of these methodologies reveals an extensive literature dedicated to investigating the validity and reliability of Hicksian surplus estimates derived from contingent valuation (Hanemann Mitchell and Carson) . While conjoint analysis has an extensive literature (Louviere, 1 %#a and 1988b) , applications to the estimation of Hicksian surplus are rather new. Thus, it makes sense that some of the same issues that have been investigated for contingent valuation should also be investigated for other stated-preference methodologies, including conjoint analysis. For example, while we know that contingentvaluation response formats (e.g., open-ended, payment card, and dichotomous choice) influence estimates of Hicksian surplus (Welsh and Poe), we do not know how different response formats in conjoint studies (e.g., ratings, ranks, and choose one) influence estimates of Hicksian surplus. A related issue is that contingent-valuation questions ask respondents to reveal information about their Hicksian surplus directly, while conjoint studies ask people to reveal relative preference orderings. If the choices do not include a "would not buy" or "status quo" alternative, a nonzero value is implied in the estimated likelihood function for people who would not choose one of the alternatives. In general, this serves to bias estimates of Hicksian surplus upward.
In this study, we investigate whether recoding ratings to ranks or choose one, and rccoding ranks to choose one, result in comparable structural models and welfare estimates as would occur if respondents simply answered a ranking or a choose-one question. We do this with a split-sample design where respondents are randomly assigned to answer either a rating, a ranking, or a choice question. Estimation results for ratings recoded to ranks are compared with estimation results for the rank responses, and estimation results for ratings and ranks recoded to choose one are compared with the estimation results for the choose-one responses. This is a test of convergent validity, a la the Welsh and Poe comparison of contingent-valuation response formats, which asks whether different methods of estimating a theoretical construct provide similar estimates (Carmines and Zeller) . If preferences arc truly transitive and the three response formats do not induce differcnt methodological effects, it is expected that null hypotheses of no difference could not be rejected. If either of these conditions is violated (transitivity or response format neutrality), it is likely that the null hypotheses will be rejected. However, rejection of the null hypotheses will not tell us whether the differences are due to intransitive preferences, response formats that are not neutral, or both of these issues.
In conducting conjoint and choice experiments, some investigators have included a "do nothing" alternative, while others have not. For example, Adamowicz, Louviere, and Williams and Adamowicz et al. allowed respondents to indicate that they would not participate in a recreational-demand setting (no choice). In applications valuing public programs, investigators allowed one of the alternative commodities to be the status quo (Johnston and Swallow; Johnston et al.; Layton and Lee; Roe, Boyle, and Teisl) . Johnson and Desvousges specified one of the alternatives randomly provided to respondents as the status quo, but the status quo was not assigned to all respondents in all choices. Other investigators do not appear to have included a no-choice or status quo alternative in their designs (Holmes, Zinkhan, and Mercer; Mackenzie; Opaiuch et al.) .
These mixed signals in the literature led us to design a two-stage question to study preferences over timber-harvesting practices in Maine.' In the first question, we asked respondents to rate, rank, or choose one of four alternative commodities (i.e., practices) where the status quo was within the alternatives from which the four alternatives were randomly assigned. This is similar to the Johnson and Desvousges study where some, but not all, respondents evaluate the status quo. Given our concern of whether respondents were "in the market," we followed the conjoint questions with a set of four singlebounded, dichotomous-choice questions to see if respondents would "buy" any of the four alternatives. People who answered no to all four questions would be left with the status quo.'
Previous Research
Although several empirical studies focused on comparing the degree to which conjoint response formats affect estimation results, our search of the literature did not uncover any single study that compares rating, rank, and choose-one response formats using independent samples. Krosnick and Alwin find that ratings and ranks both lead to similar aggregate measures of predicted choices, although they are dissimilar with respect to the underlying estimated structure of preferences (see also Russell and Gray) . The rating responses include a group of individuals who rate alternatives equally (ties). Removing these "nondiffcrentiators" from the data produced results similar to those derived from the rank data. Kalish and Nelson find little difference in the performance of ratings and ranks, particularly in predicting choice in a hold out sample of individuals. In comparing ratings and choose-one data, Louviere and Gaeth find that these approaches produce similar aggregate utility functions, while Elrod, Louviere, and Davcy find that these approaches work equally well at predicting choice in a hold out sample. Louviere, Fox, and Moore compare ratings and choice data and find that both approaches produce coefficient estimates that arc equivalent up to a resealing.
Rating responses to conjoint questions have been criticized for their use in welfare analyses due to their cardinal properties. In response to these criticisms, some researchers have appealed to the transitivity of preferences and recoded ratings to ordinal ranks (Layton and Lee; Mackenzie; Roe, Boyle, and Teisl; Stevens, Barrett, and Willis) . Mackenzie also advocated the use of ratings based on a presumption that they provide more statistical information than ranks and choices. For example, two commodities, defined in terms of different attribute levels, could be rated on a scale from 1 (most desirable) to 6 (least desirable). Recoding to ranks assigns the commodity with the higher rating a rank of "1" and the commodity with the lower rating a rank of "2." Likewise, when recoding the ratings to choose one, the commodity with the higher rating is assigned as the chosen alternative. Roe, Boyle, and Teisl find that ratings recoded to choose one produce the tightest confidence intervals around estimates of compensating variation. Furthermore, they find that ratings recoded to ranks produce the largest welfare estimates followed by ratings and the ratings recoded to choose one. Stevens, Barrett, and Willis, in comparing ratings and choice data (where the choices are recoded from ratings), also fnd that choice data produce the smallest welfare estimates.
A potential problem with all of these studies, except for Kalish and Nelson, is that within-sample comparisons were conducted. Some studies have participants answer more than one response format, while other studies have participants answer one response format and the response data are recoded to simulate data from another response format. Within-sample comparisons are problematic because when differences are detected in responses to different conjoint questions it is impossible to determine whether the differences arc due to the conjoint response formats or due to a question-ordering effect.
Conceptual Framework
In analyzing each of the three types of response data, we assume that respondents have linear preferences over the forest attributes in the experimental design such that 
Dala Analyses
WC analyze the ratings data using a doublehurdle tobit model and an ordered-probit model. Both models are motivated by a postulated continuous latent variable that is partially observed. The double-hurdle tobit model treats the ratings as a cardinal measure of utility that is censored at both ends of the rating scale. This approach requires an assumed transformation from ratings space to utility space, and carries the implicit assumption that the utility distance between each unit change in ratings is constant (Roe, Boyle, and Teisl) . In the ordered-probit model, the rankings have no cardinal interpretation, i.e., a rating of three is not necessarily twice as far from a rating of one as a rating of two. Rank data are analyzed with an orderedprobit model and, following Garrod and Willis and Layton and Lee, these data are also analyzed using a rank-ordered logit model. Rank-order estimation exploits all rank information by implicitly assuming that each rank is made as part of a sequential random utility selection process. The alternative ranked lirst is assumed to have been chosen because it yields higher utility than the other three alternatives. It is assumed that respondents repeat this random utility maximization with the remaining three commodities. Another datum is created to represent the fact that the second-ranked alternative is chosen over the other two alternatives. A last datum represents the fact that the third-ranked alternative is chosen over the alternative ranked last. All three data points (or more generally, I< -1 data points derived from K commodity ranks) are used to estimate the rank-order logit model.
The choose-one data are analyzed using a probit model. This model includes four observations per respondent; with the chosen alternative coded as "I" and the other three alternatives coded as "0."
If respondent preferences are transitive across conjoint response formats, respondents put in the effort to reveal their preferences fully with each response format (Holmes. Zinkhan, and Mercer), the different response formats are neutral in the elicitation of prefercnces, then ranks should be recoverable from rating data and choose-one choices should be recoverable from rating or ranking data. That is, the recoded rating data and the original rank data can be analyzed using the same models. A likelihood-ratio test can be conducted to investigate the null hypothesis:
(3) I-I,: p,<,. +RK = PRK versus Hcj: not H, where P,2.1..+,(K is the vector of parameters for the rating data recoded to ranks and PKK is the vector of parameters for the ranking data. Similar tests can be conducted for the parameters estimated using ratings and ranks recoded to choose one versus the parameters for the choose-one data.
To explore the effects of tics in the rating data (Mackenzie; Layton and Lee; Roe, Boyle, and Teisl; Stevens. Barrett, and Willis) several ordered-probit models are estimated that use rccodcd rating data that either excl14cle or include all observations with tied ratings. When ties are included, an orderedprobit model is estimated where ties are coded to the highest rank, e.g., a ratings sequence of 1, 3, 3, 5 (lower numbers being better) is coded to ranks as 1, 2, 2, 4.
A censored, rank-order logit model, as used by Layton and Lee, is used to analyze the recoded ratings data that include ties. Censored, rank-order logit accommodates instances where only prtial ortlwings of the data are available, NS is the cmc of rics in the ratings data recoded to ranks. This modeling framework allows the researcher to avoid making the subjective decision of whether tied ratings should be assigned the higher (as done here) or tower rank (see Layton and Lee) . Ties in ratings recoded to ranks are handled by exploding the ranks only when ties do not exist. For example, if A, B, C, and D are rated as 1, 2, 2, and 6 (lower numbers being better), a censored, rank-order iogit observation is based on three datum: A chosen from A, B, C, and D; B chosen from B and D; and C chosen from C and D. Just as in the case of a complete ranking, three data points are derived. However, less information is used in estimation because complete ranks present a choice from four alternatives, a choice from three alternatives, and a choice from two alternatives. The censored, rank-order logit, as presented in this example, is based on a choice from four alternatives and two choices from sets of two alternatives.
To explore recoding ratings and ranks to choices, probit models were estimated for rating and rank data converted to choose-one data. For the rating data, probit models were estimated for recodings that ~xclu& all observations with ties and those that include all observations with ties.
To maintain consistency of the distribution assumption, all statistical tests were conducted using the probit models. The tobit, rank-ordered logit, and censored, rankordered logit models are included to consider how different modeling frameworks affect welfare estimates for the rating and ranking data, respectively.
Survey Procedures
Preferences of Maine residents for timberharvesting practices were solicited using a mail survey instrument.' Respondents were asked to consider seven timber-harvesting attributes (table 1) . Information regarding the forest practices was presented by enclos- 
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ing an information booklet that accompanied the questionnaire." Within the questionnaire, a scenario for evaluating the forest practices described the State purchasing a 23,000-acre parcel of forest land. The forest practices described how timber harvesting is to be managed on this land. Respondents were told the land will be purchased from a large forest, landmanagement company, were given a brief description of the parcel, and were provided with a map that identified the general geographic location of the parcel.
Respondents were then presented with four management plans to consider. Each management plan was composed of randomly assigned levels of each of the forest practices identified in table 1.' 71le practices are listed in table 1 in the order presented to respondents. An eighth attribute was included, which is a one-time increase in state income taxes to pay for the proposed purchase of public forest land. We also examine the implied compensating variation of moving from the status quo forest practices to more environmentally benign timber harvesting (table 2) .
The design of the questionnaires for each of the three subsamples was identical except for the conjoint question. The rating question asked:
How would you rate the desirability to you of each of the proposed forest management plans for this piece of forest land?
Respondents provided ratings on an integer scale that ranged from 0 (very undesirable) to 6 (very desirable). The rank question asked:
How would you rank the desirability to you of each of the proposed forest management plans for this piece of forest land wilh one (1) being most dcsirahle and 4 being lemt dcsirahlc? Which of the proposed forest management plans for this piece of forest land is the most desirable to you?
Respondents circled the letter of the management plan they would choose. The followup. dichotomous-choice question asked:
Now assume there will be a vote in the next election to decide if the State of Maine should buy this piece of forest land. How would you vote for the purchase if the land were managed using each of the proposed forest management plans?
Respondents indicated how they would vote for each of the four forest management plans they were asked to consider.
Sample
The sample was composed of 2500 randomly selected individuals, eighteen years of age or older, from records of Maine drivers licenses and state identification cards. Each of three subsamples (YZ = 697, YI = 730, y1 = 743) received one of the response formats for the conjoint question. The survey was administered by mail in early 1997. Of the initial sample of 2500 individuals, 451 had addresses that were undeliverable by the U.S. Post Office (18%). A total of 926 surveys were completed and returned for a usable response rate of 45%. The number of returned surveys by version is 334 for ratings, 297 for ranks, and 295 for choose one. The usable response rates by version are 48% for ratings, 45% for ranks, and 42% for choose one. The percentages of attribute levels in the response data closely correspond to those in the original design. Thus, effort and response time, as investigated by Holmes, Zinkhan, and Mercer, does not appear to have resulted in respondents self-selecting on the response formats or the attribute levels.
Results
The most telling result arises from the response distributions. In the ratings data, different people provided ratings with one, two, three, or four ties in their responses. In stark contrast, people answering the ranking question did not use ties. This is also true for the choose-one responses. We did not tell respondents they could or could not use ties in answering any of the three response formats. Thus, respondents obviously felt free to use ties in answering the rating question, but must have felt compelled to distinguish between alternatives for the rank and choice questions." This finding suggests that the different response formats are not neutral in the elicitation of preferences. If we cannot establish convergent validity of the rating with ranks or choices, methodological effects arising from the use of ties in the ranks is a likely culprit. Thus, differences could be solely due to methodological effects and not due to intransitivity of preferences. The issue of ties, however, does not apply to the comparison of recoded ranks with choose-one responses.
Buse Model Results
The tobit and ordered-probit analyses of the rating data result in the same variables being significant and the signs of these significant variables are the same in both equations (table 3) . It is interesting that the tobit and ordered-probit analyses of the ratings data result in compensating variation estimates that only differ by $41 (which is less than 5% of the smaller estimate). These results indicate that the presumed cardinality of the rating data in the tobit analysis is not an issue in the current application.
The ordered-probit and rank-ordered logit analyses of the ranking data result in all of the same variables being significant with one exception (PERHSO), and the signs of all significant variables are the same in both equations. These analyses of the ranking data show a greater difference in welfare estimates than was found in the rating data, ($286, which is less than 25% of the lower estimate).
The ordered-probit analyses of the rating and rank data and the probit analysis of the choosc-one data show mixed results in terms of the significance and signs of the estimated coefficients. ROADS and PERHXO are only signiticant in the rating and rank models. DEAD5 and PERH50 are only significant in the rank and choose-one models. Leaving a 500-foot wetland protection zone (H2OZONE500) is only significant in the rating model. Only PERHSO has a sign reversal between equations for i variables with significant coefficients in at least one model; it is positive in the chooseone model and negative in the other models. The mean compensating-variation estimates for a change from the status quo to more benign harvesting practices, as defined in table 2, range from $1,603 (ordered-probit model of ranks) to $957 (choose one), bounding the welfare estimate for the orderedprobit model of the ratings. These results, like the respondents use of ties, provides additional suggestive evidence that the three conjoint response formats are not neutral in the elicitation of preferences.
Converting Ratings to Runks
The ordered-probit models of the rating data and the rank data are replicated in table 4 for purposes of comparison. Recoded rating data that excludes ties results in a smaller number of significant variables relative to the ordered-probit analysis of the rating data. This result is not purely an artifact of recoding, as the sample size has been substantially reduced by the elimination of ties. The ordered-probit analysis of the recoded data with ties also results in differences in significant variables relative to the ordered-probit analysis of the rating data; two variables become significant (DEAD5 and HOPEN35) and one variable becomes insignificant (ROADS). In addition, the welfare estimates for the models excluding and including ties are lower than welfare estimates for the original ordered-probit analysis of the rating data. Note that the welfare estimate for the ordered-probit model with ties is approximately the same as that of the censored, rank-ordered logit model ($980 versus $084).
A likelihood-ratio test for the null hypotheses that the vectors of coefficients for the recoded ratings models, analyzed with an ordered-probit model, are the same as the ordered-probit model of the rank data cannot be rejected at the 10% level (x2(16) = 23.54) for the model with no ties (x2 = 14.82) and can be rejected for the model with all of the data (x2 = 134.96). This result is similar to that of Alwin and Krosnik, but one must ask whether the insignificant test result is due to a loss in power from the reduction in the number of observations when ties arc excluded. The ordered-probit analysis of the recoded ratings yields a much lower welfare estimate than the ordered-probit analysis of the ranking data ($980 versus $1,603). The analyses of the recoded ratings data also give lower welfare estimates than the analysis of the rating data ($980 versus $1,356).
The ordered-probit models of the rating and ranking data and the choose-one probit model are replicated in table 5 for purposes of comparison. The models using ratings (ties included) and ranks recoded to choose one show a number of differences relative to the choose-one model. ROADS, (1 =SOO)
(1 =Remove all) DISTSLASH HOPEN35, and H20ZONESO0 are only significant in the model with recoded ratings. DEAD5 and PERHSO are significant in the models with recoded ranks and choose one. DEADIO, LIVE 153, LIVE 459, and REM-SLASH are significant in all three models. HOPEN is only significant in the model with recoded ranks. PERHSO is significant in the model with recoded rating and recoded ranks, and DISTSL is not significant in any of the three models.
Likelihood-ratio tests indicate that pairwise comparisons of the models with recoded rating and rank data versus the model of the original choose-one data result in the rejection of the null hypothesis of identical vectors of coefficients data at the 10% level (~"(14) = 21.06) for recoded ratings with ties (x" = 25.10) and recoded ranks (x2 = 26.9(l), but not for recoded ratings without ties (x' = 18.52). (Again, this may be due to the loss of statistical power.) The welfare estimates for the models with the recoded data are substantially larger than those from the chooseone data ($1,618, $1,712, and $2,761 versus $957).
Overall, only 8% of the sample would not choose one of the alternatives they were asked to evaluate.' We investigate the effects of excluding the people who would not choose any of the four alternative using the probit models.
We first ask whether the preferences of people who would choose at least one of the alternatives are different from those who would not choose any in terms of the estimated parameters in the probit models. That is,
where KT refers to rate data and 1Y and OY imply at least one yes and zero yes responses, respectively, to the four dichotomous-choice questions. Similar tests are carried out for the rank and choose-one data. Significant differences occur at the 10% level for the rating (x2 = 148 > x2(19) = 27) and rank (x' = 26 > x2(16) = 24) data, but not for the choose-one data (x' = 17 < x2( 14) = 21).
Next, we redo the comparisons of ratings converted to ranks, and ranks and ratings converted to choose one. In terms of converting ratings to ranks, we get the same pattern of statistical results as reported previously. When ties are excluded (no ties), the ordered-probit models for the recoded rating data and the rank data are not significantly different (x2 = 15.33 < x2(16) = 23.54) at the 10% level. The models are significantly different when all ties (four ties) are allowed (x2 = 102.62 > ~'(16) = 23.54). Thus, the anomalous result for the no-tie comparison persists.
In the statistical comparisons of ratings and ranks recoded to choose one, no differences occur in the qualitative results. The comparison of ratings converted to choose one, when ties are excluded, is not significantly different at the 10% level (x2 = 20.95 < x2(14) = 21.06), and the models are different when all ties are allowed (x2 = 26.34 > x2( 14) = 21.06). The comparison of the recoded rank data with the choose-one data also results in a significant difference (x' = 28.10 > x2( 14) = 21.06).
Thus, while the treatment of people who would not choose any of the four alternatives appears to affect preference estimates in terms of the estimated model coefficients, this issue does not appear to affect the comparisons of responses to rating, ranking, and choose-one questions conducted here. One key insight is that people only applied ties in answering the rating question and this methodological effect would not likely be affected by the inclusion or exclusion of a nochoice option. three response formats may each generate different statistical information regarding preferences. This suggestive evidence is confirmed when the likelihood-ratio tests are conducted. The parameters of the orderedprobit model using ratings recoded to ranks (ties allowed) is significantly different from the ordered-probit model of the original rank data. Likewise, the vectors of parameters from the probit models of ratings recoded to choose one (ties allowed) and ranks recoded to choose one are significantly different from the probit model of the choose-one data. The lack of statistical differences when ties arc not allowed is similar to the finding of Krosnick and Alwin, but the perverse welfare estimate for ratings recoded to ranks and the large reduction in the number of observations suggests that the lack of significance may be a statistical anomaly. The fact that people use ties in the ratings, but not the other responses formats, leads one to question whether the absence of ties in the ranks and choose-one data is reflective of respondents making more careful distinctions or making forced, arbitrary distinctions. The results of Ben-Akiva, Morikawa, and Shiroish; and Feather suggest that there may be problems with requiring forced ranks. This is an issue that deserves further consideration, even in studies that present one choice versus the status quo (Johnson and Desvousges; Johnston and Swallow) or two alternatives plus a no choice (Adamowicz, Louviere, and Williams and Adamowicz et al.) if respondents are asked to make multiple, repeated choices.
Our results are also qualitatively similar to those of Elrod, Louviere, and Davey and Kalish and Nelson. While the comparisons with ties result in different structural models as reflected by the test of parameter vectors, the confidence intervals on the welfare estimates overlap. W C are concerned about the sizes of the confidence intervals, but using alternative procedures to calculate the confidence intervals results in similar or even larger confidence intervals. Using the Krinsky-Robh procedure resulted in a confidence interval for the choose-one estimate of (353, 1635) versus the interval of (451, 1562) reported in table 3.
Roe, Boyle, and Teisl and Stevens, Barrett, and Willis found that recoding ratings to choose-one data resulted in the smallest welfare estimates, where as in our study this recoding resulted in the largest welfare estimates (table 5). For our data the actual choose-one data resulted in the smallest welfare estimate (excluding the negative estimate for ratings recoded to ranks without ties). In addition, Roe, Boyle, and Teisl found that ratings recoded to ranks had the smallest confidence intervals, while here the orderedprobit analysis of the rank data has the tightest confidence interval around the mean (-39%, +49%).
Finally, it is worth noting that the differences in the welfare estimates from the rating, ranking and choose-one data, as reported in table 3, are actually smaller than Welsh and Poe found for contingentvaluation response formats. Welsh and Poe report estimated means of $37, $54, and $98, respectively, for payment-card, open-ended, and dichotomous-choice data. This is a range of $61 that is 165% of the smallest estimate. The comparable range for our data is $646, which is only 68% of the smallest estimate ($957 for choose one). It is also interesting to note that while dichotomous choice and choose one are the closest response formats conceptually and analytically, dichotomous choice provides the highest contingent-valuation welfare estimate and choose one provides the lowest conjoint welfare estimate. However, the 95% confidence interval on Welsh and Poe's dichotomouschoice estimate is (-lh%, +26%), which is much smaller than the 95% confidence interval on our choose-one estimate (+S3%, +63%).
Conclusions
Collectively, our results indicate that convergent validity of ratings, ranks, and choose one is not established. It is not advisable to recode ratings to ranks or choose one. The inconsistent use of ties (only in ratings) suggests that the problem may be methodological and not a violation of the transitivity of preferences. The comparison of ranks and choose one, however, is not complicated by the issue of ties and recoding ranks to choose one did not result in the same model as the actual choose-one data. The proposed statistical efficiency advocated by Mackenzie does not hold for estimates of Hicksian surplus. Rankings have the tightest conlidence interval around the mean (-39%, +49%), while the confidence intervals for ratings (-47%, +650/o) and choose one (-53%, +63%) are roughly comparable.
Failure to establish convergent validity for the col?joint response formats investigated here is no different from what Welsh and Poe found for contingent valuation, and the range of the estimates is actually smaller. Which conjoint response format to use in future studies is not clear. The concerns regarding the implied cardinality of ratings and the fact that recoded ratings do not recover ranks or choose one would seem to eliminate rating. Choose one may be desirable because it avoids concerns of cardinality and provides the most conservative welfare estimate. Ranks and choose one, which is a special case of ranks, both warrant further investigation of the effect of forced choices without ties and inclusion-exclusion of a no-choice option on parameter estimates and on welfare estimates.
